Aerosol measurements over the Southern Ocean are used to constrain aerosol-15 cloud interaction radiative forcing uncertainty in a global climate model. Aerosol forcing 16 uncertainty is quantified using one million climate model variants that sample the uncertainty 17 in nearly 30 model parameters. Ship-based measurements of cloud condensation nuclei, 18 particle number concentrations and sulfate mass concentrations from the Antarctic 19 Circumnavigation Expedition: Study of Preindustrial-like Aerosols and Their Climate Effects 20 (ACE-SPACE) are used to identify observationally implausible variants and thereby reduce 21 the spread in the simulated forcing. Southern Ocean measurements strongly constrain natural 22 aerosol emissions: default sea spray emissions in the model need to be increased by around a 23

